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(54) Liquid crystal compounds and their use in active matrix type liquid crystal display devices 

(57) The invention relates to novel liquid crystal compounds of the general formulae I and II, 




(I), 



(ID, 



wherein are: 



CM 
< 
CO 

m 



X 1? X 2 and X 3 fluoro, cyano, trifluoromethyl, trifluoromethoxy, nitro or a hydrogen atom, 
R C^Q-alkyl or C^^-alkoxy, which may be substituted, 

A a cyclohexane ring, a benzene ring, a dioxane ring, a pyrimidine ring or a bicyclo[2.2.2]-octane or 

hexane ring, 

Z a single bond, an ester bond, an ether bond, methylene or ethylene, 

and 

n 1 or 2. 



CL 
LU 



The invention further relates to active matrix type liquid crystal display devices, particularly of the horizontal electric 
field type, comprising these liquid crystal compounds. 
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Description 

[0001] The present invention relates to novel liquid crystal compounds and liquid crystal display devices comprising 
these liquid crystal compounds, preferably devices of the active matrix type, and more preferably of the horizontal elec- 
5 trie field type, in which an electric field is applied mainly parallel to the substrates and in which the broad visual field and 
the large numerical aperture are compatible. 

[0002] In conventional liquid crystal display devices, the electrodes for driving the liquid crystal layer are formed on 
the surface of two substrates, and transparent electrodes are used, the electrodes facing each other. This is because 
what is used is a display method called the twisted nematic display method (TN method) in which the liquid crystal layer 

10 is driven by applying an electric field in the vertical direction to the surface of the substrate. On the other hand, regarding 
the display method in which an electric field is applied in a direction almost parallel to the surface of the substrate, a 
display method using comb-type electrodes is disclosed in JP-63-21907 (1988) and US 4 345 249. In this case, the 
electrodes are not necessarily selected to be transparent, but non-transparent and metallic electrodes with higher elec- 
tric conductivity are used. However, in the above prior art, as for the display method in which the electric field is applied 

15 in the direction parallel to the surface of the electrode, (which is designated "horizontal electric field method"), specifi- 
cally used in the active matrix driving mode, the material properties required to realize a high numerical aperture are 
not described in detail. 

[0003] In the conventional active matrix type liquid crystal display devices, typically according to the twisted nematic 
method, transparent electrodes are used. It is, therefore, possible to make the numerical aperture relatively wider, 

20 which is the area that the light per unit pixel passes through. However, in the horizontal electric field system, an opaque 
metal electrode is used. It is, therefore, impossible to realize a large numerical aperture. There is an essential problem 
in that the portion of the opaque electrode cannot be used as an area the light passes through. The brightness of the 
display device depends upon the magnitude of the numerical aperture. Even if the intensity of background light is 
increased, the problem arises that the power consumption is increased extremely. 

25 [0004] Accordingly, in order to realize a large numerical aperture in the horizontal electric field method, it is required 
to enlarge the gap between the electrodes. However, a new problem arises due to the enlargement of the gap. First, a 
disturbance of orientation occurs by the static electricity, because the volume of the liquid crystal decreases further. 
Generally, the electrodes in the horizontal electric field method are different in their configuration from those in the prior 
art. Therefore, the corresponding volume of the liquid crystal is not so large. If the volume becomes smaller by enlarging 

30 the gap between the electrodes, the liquid crystal is susceptible to be affected by the effect of static electricity. As a 
result, the disturbance of orientation due to static electricity increases. Secondly, if the gap between the electrodes 
becomes large, the problem arises in the horizontal electric field display method that a large drive voltage is required. 
[0005] It is the underlying problem of the present invention to provide novel liquid crystal compounds and compo- 
sitions and their use in liquid crystal display devices, and active matrix type liquid crystal display devices using the hor- 

35 izontal electric field method, in which a broad visual field and a large numerical aperture are realized. 

[0006] The above problem is solved according to the independent claims. The dependent claims relate to preferred 
embodiments. 

[0007] In accordance with a first solution, the present invention provides liquid crystal compounds of the general 
formula I, 

40 



45 




50 wherein are: 

X 15 X 2 and X 3 fluoro, cyano, trifluoromethyl, trifluoromethoxy, nitro or a hydrogen atom, 



R C^Q-alkyl or C^Q-alkoxy, which may be substituted, 

A a cyclohexane ring, a benzene ring, a dioxane ring, a pyrimidine ring or a bicyclo[2.2.2]-octane or - 

55 hexane ring, 

Z a single bond, an ester bond, an ether bond, methylene or ethylene, and 

n 1 or 2. 
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[0008] The liquid crystal compounds of formula I are preferably selected from 1 ,2-dicyano-4-[trans-4-(trans-4-pro- 
pylcyclohexyl)-cyclohexyl]-benzene; trans-4-propyl-(3,4-dicyanobiphenyl-4'-yl)-cyclohexane; 2-(trans-4-propylcy- 
clohexyl)-1-[trans-4-(3,4-dicyanophenyl)-cyclohexyl]-ethane; 3,4-dicyanophenyl-trans-4-pentylcyclohexylcarboxylate; 
4-cyano-3-fluorophenyl-trans-4-propyl-cyclohexylcarboxylate; trans-4-heptyl-(3,5-difluoro-4-nitrophenyl)-cyclohexane; 

5 2,6-difluoro-1-cyano-4-[trans-4-(trans-4-propylcyclohexyl)-cyclohexyl]-benzene; trans-4-propyl-(3,4,5-trifluorobiphenyl- 
4'-yl)-cyclohexane; 2-(trans-4-propylcyclohexyl)-1 -[trans-4-(3,5-difluoro-4-nitrophenyl)-cyclohexyl]-ethane, 3,5-difluoro- 
4-nitrophenyl-trans-4-pentylcyclohexylcarboxylate; trans-4-heptyl-(3-fluoro-4-cyanophenyl)-cyclohexane; 2-fluoro-1- 
nitro-4-[trans-4-(trans-4-propylcyclohexyl)-cyclohexyl]-benzene; trans-4-propyl-(3-fluoro-4-cyanobiphenyl-4'-yl)- 
cyclohexane; 2-(trans-4-propylcyclohexyl)-1 -[trans-4-(3-fluoro-4-nitrophenyl)-cyclohexyl]-ethane; 3-fluoro-4-cyanophe- 

10 nyl-trans-4-pentylcyclohexylcarboxylate; trans-4-heptyl-(4-cyanophenyl)-cyclohexane; 4-cyanophenyl-5-pentyl-1 ,3- 
pyrimidine; 4-cyano-3-fluorophenyl-5-propyl-1 ,3-pyrimidine, 4-cyanophenyl-4-pentyl-1 ,3-dioxane and 4-cyanophenyl-4- 
pentyl-bicyclo[2.2.2]octane. 

[0009] The present invention is not limited to the above compounds. 

[001 0] In accordance with a second solution, the present invention provides liquid crystal compounds of the general 
15 formula II, 



20 




25 wherein are: 

X 1 and X 2 fluoro, cyano, trifluoromethyl, trifluoromethoxy, nitro or a hydrogen atom, 



R C^Q-alkyl or C^Q-alkoxy, which may be substituted, 

A a cyclohexane ring, a benzene ring, a dioxane ring, a pyrimidine ring or a bicyclo[2.2.2]-octane or -hexane 

30 ring, 

Z a single bond, an ester bond, an ether bond, methylene or ethylene, and 

n 1 or 2. 

[0011] The liquid crystal compounds of formula II are preferably selected from trans-4-heptyl-(2-cyano-3-fluoroph- 



35 enyl)-cyclohexane; 2-cyano-3-fluoro-4-[trans-4-(trans-4-propylcyclohexyl)-cyclohexyl]-benzene; trans-4-propyl-(2- 
cyano-3-fluorobiphenyl-4'-yl)-cyclohexane; 2-(trans-4-propylcyclohexyl)-1 -[trans-4-(2-cyano-3-fluorophenyl]- 

cyclohexyl]-ethane; 2-cyano-3-fluorophenyl-trans-4-pentylcyclohexylcarboxylate; trans-4-heptyl-(2-fluoro-3-nitrophe- 
nyl)-cyclohexane; 2-fluoro-3-cyano-4-[trans-4-(trans-4-propylcyclohexyl)-cyclohexyl]-benzene; trans-4-propyl-(2-fluoro- 
3-nitrobiphenyl-4'-yl)-cyclohexane; 2-(trans-4-propylcyclohexyl)-1 -[trans-4-(2-fluoro-3-nitrophenyl)-cyclohexyl]-ethane; 

40 2-fluoro-3-cyanophenyl-trans-4-pentylcyclohexylcarboxylate; 2,3-dicyanophenyl-5-pentyl-1 ,3-pyrimidine, 2-cyano-3- 
fluorophenyl-5-propyl-1 ,3-pyrimidine; 2,3-dicyanophenyl-4-pentyl-1 ,3-dioxane; and 2-cyano-3-fluorophenyl-4-pentyl- 
bicyclo[2.2.2]octane. 

[0012] The present invention is not limited to the above compounds. 

[0013] The liquid crystal compositions of the present invention comprise one or more liquid crystal compounds of 
45 formula I and/or one or more liquid crystal compounds of formula II. In these compositions, X 1 , X 2 and X 3 in formulae I 
and II are preferably cyano, trifluoromethyl, trifluoromethoxy or nitro. 

[0014] The invention further pertains to the use of the liquid crystal compounds of the general formulae I and II and 
to the use of the above-defined liquid crystal compositions for manufacturing or in liquid crystal display devices, partic- 
ularly of the active matrix type, and preferably of the horizontal electric field type. 
50 [0015] The active matrix type liquid crystal display devices of the present invention comprise a liquid crystal com- 
pound of formula I and/or a liquid crystal compound of formula II or a liquid crystal composition according to the above 
definition. 

[0016] In accordance with a preferred embodiment, the active matrix type liquid crystal display devices of the 
present invention comprise a pair of substrates, at least one of which is transparent, a liquid crystal layer inserted 
55 between the substrates, an orientation film provided between the liquid crystal layer and at least one of the substrates 
on the inner side thereof, a scanning signal electrode, an image signal electrode, a pixel electrode and an active device, 
each provided between the liquid crystal and the orientation film or the substrate, respectively, and polarization means 
provided on the outer side of the substrates for changing an optical characteristic according to the orientation state of 
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the liquid crystal; each of the electrodes being constructed so as to apply an electric field, mainly parallel to the sub- 
strates, against the liquid crystal layer, and being connected to external control means for optionally controlling the 
applied electric field according to the display pattern, wherein the electrode lies between at least two dielectric layers 
disposed above and below the electrode, and wherein the resistivity p of the liquid crystal is equal to or lower than 1 • 
5 10 14 £1 -cm and preferably higher than or equal to 1 • 1 0 9 £1 • cm and lower than or equal to 1 • 1 0 13 £1 • cm i.e., sat- 
isfies the following equations: 

p < 10 14 ft -cm, 

10 preferably: 

1 • 10 9 < p < 1 • 10 13 ft -cm. 

[0017] In accordance with another preferred embodiment of the active matrix type liquid crystal display devices the 
15 ratio l/d of the gap I between the electrodes to the cell gap d is greater than or equal to 2.0, and the relation between 
the elasticity constant K 2 and the dielectric anisotropy Ae satisfies the following equation (1): 

K 2 /Ae < 9.0 • 10" 8 [dyn] (1). 

20 [0018] The gap d between the substrates facing each other is preferably less than or equal to 6 mm, the gap I 
between the electrodes is preferably more than or equal to 10 mm, and the drive voltage is preferably lower than or 
equal to 5 V. 

[0019] According to another preferred embodiment of the active matrix type liquid crystal display devices the com- 
mon electrode is composed of a part of the display pixels, and the device is designed for an alternating current to be 

25 applied to the common electrode. 

[0020] In a preferred active matrix type liquid crystal display devices according to the invention, the transmission 
axis of the polarization means is set to deviate 1 degree or more than 1 degree from the initial orientation direction of 
the liquid crystal to the rotation direction of the axis of the liquid crystal molecules due to an applied electric field. 
[0021] This measure was found also effective to reduce the width of the drive voltage. 

30 [0022] Liquid crystals which do not have increased resistivity, such as through cyano groups, can be used for dis- 
play devices because liquid crystals with lower resistivity show a high voltage hold ratio in the horizontal electric field 
method. Therefore, the applicability of this kind of liquid crystals is remarkably increased. 

[0023] The liquid crystal compounds having a fluoro group in the ortho position to a cyano group, represented by 
4-cyano-3-fluorophenyl-trans-4-propylcyclohexylcarboxylate, are materials which do not tend to form dimers leading to 

35 loss of the dipole momentum. As such liquid crystal compounds have larger dielectric constants and lower viscosities, 
it is effective to apply this kind of compounds for high-speed driving operation in the horizontal electric field method. 
[0024] When using liquid crystals of negative dielectric anisotropy by including liquid crystal compounds repre- 
sented by the general formula II, in which cyano groups, trifluoromethyl groups, trifluoromethoxy groups or nitro groups 
are included as end groups, effective liquid crystals are obtained leading to a large numerical aperture. Namely, by 

40 decreasing the resistivity, the static electricity influence can be prevented, and at the same time the drive voltage can 
be decreased. The decrease of the resistivity is further effective for small viscosity necessary for high-speed response. 
[0025] When the dielectric anisotropy of the liquid crystal is positive, the rubbing angle of the orientation film is set 
to be more than or equal to 1 degree and less than or equal to 20 degrees, relative to the vertical direction of the electric 
field, and when the dielectric anisotropy of the liquid crystal is negative, the rubbing angle is set to be more than or equal 

45 to 1 degree and less than or equal to 10 degrees, relative to the direction of the electric field. This is another important 
means for reducing the drive voltage. As the angle between the axis of the liquid crystal molecules and the direction of 
the electric field becomes close to 90 degrees, the voltage at the maximum transmission factor shifts to the low voltage 
side. Further, the non-select voltage can be set to the high voltage side, because the threshold voltage of the response 
to the electric field shifts to the high voltage side. Accordingly, it is possible to reduce the width of the drive voltage. Fig. 

50 9 shows a typical example thereof. Therefore, it is desirable that the rubbing angle is as small as possible, as long as 
any domains do not occur. 

[0026] In addition, it is possible to further reduce the drive voltage by applying an alternating current to the common 
electrode. 

[0027] According to a preferred embodiment of the device of the present invention, the transmission axis of the 
55 polarizer is set to deviate 1 degree or more than 1 degree from the initial orientation direction of the liquid crystal to the 
rotation direction of the axis of the liquid crystal molecules due to the applied electric field. 

[0028] The above-mentioned preferred setting of the transmission axis of the polarizer was found also effective to 
reduce the width of the drive voltage as shown in Fig. 1 0 described below, in which the transmission axis of a polarizing 
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plate deviates by more than 1 degree from the initial orientation direction. 
BRIEF DESCRIPTION OF THE DRAWINGS 



5 


[uuzyj 






rigs, i (a)- 1 (a) 


illustrate the operation of the liquid crystal using the horizontal electric field method. 




rig. <L 


is an illustrative representation of the definition of the rubbing direction and the axis direction of the 






poianzer. 


10 


rigs. o(a)-o(c) 


are views showing an example of the electrode configuration in the unit pixel of the liquid crystal dis- 






play device. 




Fig. 4 


is a view showing another example of the electrode configuration in the unit pixel of the liquid crystal 






display device. 




Pin R 

rig. O 


is a typical example or ine conTiguraiion or a coior Tiner suDsiraie. 


15 


Fig. 6 


is a diagrammatic view showing a TFT circuit in the liquid crystal display device according to the 






present invention. 




Figs. 7(a)-7(e) 


are examples of the waveform of alternating current applied to the common electrode. 




Fig. 8 


is a graph showing the result of experiments on the voltage hold ratio in the liquid crystal display 






device according to the present invention. 


20 


Fig. 9 


is a graph showing the influence of the rubbing direction on the width of the drive voltage. 




Fig. 10 


is a graph showing the variation of the voltage-transmittance characteristic caused by the variation 






of the axis direction of the polarizer. 




Figs. 1 1 and 12 


are graphs showing voltage-transmittance characteristics. 



25 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



[0030] Embodiments of devices according to the present invention will be explained in detail. 
[0031] Figs. 1 (a) and (b) are side cross-sectional views showing the operation of the liquid crystal in the liquid crys- 
tal panel, and Figs. 1(c) and (d) show front views thereof in accordance with the present invention. In Fig. 1, active 

30 devices are not shown. In addition, though a plurality of pixels are formed with stripe-shaped electrodes in the present 
invention, a partial view of only one single pixel is shown in Fig. 1. The side cross-sectional view when no voltage is 
applied is shown in Fig. 1 (a), and the front view is shown in Fig. 1 (c). The gap 1 between the electrodes is indicated in 
Fig. 1 (c). The linear electrodes 3 and 4 are formed on the inner side of a pair of transparent substrates 7, and orientation 
films 5 are coated on the substrates 7 such that they are facing each other. A liquid crystal material 6 is provided 

35 between the films, the gap d being indicated in Fig. 1 (a). The liquid crystal molecules 6 of linear shape are oriented so 
that the angle (|) LC between the longitudinal axis of the molecules and the longitudinal direction of the stripe-shaped 
electrode may be maintained to be an adequate angle such as 45° < | cj>|_ 0 I < 90°. 

[0032] For the explanation below, the orientation direction of the liquid crystal molecules on the upper and lower 
interfaces is assumed to be parallel to each other, that is, § LC1 = § LC2 . 

40 [0033] The dielectric anisotropy of the liquid crystal composite material is assumed to be positive. Next, when the 
electric field 9 is applied, as shown in Figs. 1(b) and 2, the longitudinal axis 10 of the liquid crystal molecules 6 is ori- 
ented in the direction of the electric field 9. By suitably arranging the polarizer 8 with its polarization axis, the optical 
transmission index can be modulated by applying and changing the applied electric field 9. Thus, a display operation 
for defining contrast is possible without transparent electrodes. Though the dielectric anisotropy of the liquid crystal 

45 composite material is assumed to be positive, it may be selected to be negative. In case of negative dielectric anisot- 
ropy, as for the initial orientation of the liquid crystal molecules, the angle (t) LC is maintained to be an adequate angle to 
the vertical direction to the longitudinal axis of the striped electrode such as 0° < <45°. 

[0034] The transmission axis of the polarizer is set to deviate 1 degree or more than 1 degree from the initial orien- 
tation direction of the liquid crystal to the rotation direction of the axis of the liquid crystal molecules due to the applied 
50 electric field. 

[0035] In Fig. 2, the angle § P is defined by the polarization transmission axis 1 1 , the angle (]> LC is defined by the liq- 
uid crystal molecule longitudinal axis (optical axis) 10 in the vicinity of the interface, and the angle <|> R is defined by the 
condenser axis of a phase shifter plate inserted between two polarizers. The angles § P and (|) L c are expressed selec- 
tively in terms of (|) P1 , <|>p2, <h_ci and <I>LC2 witn regard to a pair of polarizers and two liquid crystal interfaces. 
55 [0036] By providing the electrode between at least two dielectric layers disposed above and below the electrode, 
and by making the resistivity of the liquid crystal lower than or equal to 1 • 1 0 13 £1 • cm, as described above, it is pos- 
sible to increase the numerical aperture. The reason will be explained hereinafter. In the horizontal electric field mode, 
an opaque metal electrode is used. It is, therefore, impossible to realize numerical apertures larger than those of the 
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prior art. The basic method for solving this problem is to enlarge the gap between the electrodes. However, a new prob- 
lem may arise due to the enlargement of the gap. There occours a disturbance of orientation by static electricity, 
because the volume of the liquid crystal is further decreased. The provision of an auxiliary capacitance to each of the 
pixels leads to a deterioration of the numerical aperture. However, if the resistance of the liquid crystal is low, the dis- 
turbance of the orientation due to the static electricity is small. Therefore, these are very effective means. By these 
means, the domains around the spacer beads are also improved. In the conventional active matrix type liquid crystal 
display devices, it is required to use liquid crystals with a high resistivity of at least 1 • 1 0 13 Ci • cm, preferably 1 • 10 14 
^•cm, in order to apply a sufficient voltage even during non-selected periods of time. In the horizontal electric field 
method, the dielectric except the liquid crystal, such as a glass or an insulation film, acts as a hold capacitance to obtain 
the voltage hold ratio necessary to work. By experiments, it has been found that even a liquid crystal with a resistivity 
of 1 • 1 0 1 0 Q, • cm has a high voltage holding rate (frame frequency: 60 Hz) of more than 90 %. However, as compared 
to the conventional method such as the TN method, the total capacitance including the capacitance of the liquid crystal 
and the hold capacitance is smaller in magnitude in the horizontal electric field method, and is susceptible to be affected 
by the effect of static electricity. It is not the static electricity but the increase of the drive voltage which is brought up by 
the enlargement of the gap between the electrodes. 

[0037] As for the means for reducing the drive voltage, it has been found to be effective that, as described in the 
preferred embodiments 1 and 2, the relation between the dielectric anisotropy Ae of the liquid crystal composite material 
and the elasticity constant K 2 of the twist should satisfy the equation K 2 /Ae < 9.0 • 10~ 8 dyn . As the thickness of the 
electrode is less than that of the liquid crystal composite material layer in the ordinary horizontal electric field method, 
it is impossible to apply the electric field completely parallel to the interface between the liquid crystal and the orientation 
layer and the liquid crystal composite material layer. This insufficient horizontal electric field causes a reduction of the 
efficiency in the switching operation of the liquid crystal at the interface. By making the dielectric constant e LC of the liq- 
uid crystal larger than the dielectric constant e AF of the orientation layer, preferably making 8 LC twice as large than e AR 
what can be applied to the liquid crystal is a horizontal electric field which is more parallel to the interface between the 
liquid crystal and the orientation layer. Based on a more intensive study in which the elasticity constant K 2 of the twist 
was modified to be smaller or the dielectric anisotropy of the liquid crystal was modified to be larger, when the ratio 
K 2 /Ae is set to be 9.0 • 10" 8 dyn, and more preferably when this ratio is set to be 7.0 • 10" 8 dyn, a drive voltage of 5 V 
or less can be attained. A drive voltage of 5 V means that it is possible to achieve a display by using a 5 V signal voltage 
driver. 

[0038] As described in embodiment 3 by including liquid crystal compounds represented by the general formula I, 
in which cyano groups, trifluoromethyl groups, trifluoromethoxy groups or nitro groups are included as end groups, 
effective liquid crystal devices may be achieved having a large numerical aperture. Namely, by decreasing the resistiv- 
ity, the influence of static electricity can be prevented, and at the same time the drive voltage can be decreased. The 
decrease of the resistivity is further effective for small viscosity necessary for high-speed response. 

Embodiment 1 

[0039] Two transparent glass substrates are used, which are of 1.1 mm in thickness, and the surface of which is 
polished. After forming thin film transistors on one of the substrates, the orientation film is formed thereon, which also 
acts as an insulation film. A polyimide is used as the orientation film in this embodiment. A rubbing-processing is per- 
formed on the polyimide film in order to orient the liquid crystal. The formation of a polyimide film and the rubbing 
processing are performed also on the other substrate. The individual rubbing directions of the two substrates are par- 
allel to each other, and have an angle of 75° ((|) LC1 = § LC2 = 75° ) with respect to the direction of the applied electric 
field. A nematic liquid crystal composition is sandwiched between these substrates, having a dielectric anisotropy Aeof 
+7.3 and a refractive index anisotropy An of 0.074 (589 nm, 20 °C). A gap d is achieved by distributing polymer beads 
between the substrates, and the space of the gap is 4.0 jum. Thus, d • An is 0.296 jum. The panel is sandwiched with a 
pair of polarizers (G1 220DU, made by Nitto Electric Co.), and the polarization transmission axis of one polarizer (P1 ) is 
set to (|)p 1 = 75°, and the polarization transmission axis of the other polarizer (P2) is set to intersect perpendicularly with 
the former polarization transmission axis, which means (|)p 2 = -15°. With this geometrical configuration, the normally- 
closed characteristic of the display pixel can be established, that is, the display pixel is in a dark state at a low voltage 
(Vqff)' and is in a bright state at a high voltage (V 0 n). 

[0040] Fig. 3 shows the configurations of a thin film transistor 1 4 and all kinds of electrodes. Fig. 3 (a) is a front view 
seen from the direction perpendicular to the surface of the substrate. Figs. 3 (b) and (c) are sectional side elevations. 
The thin film transistor 1 4 representing the active device comprises a pixel electrode (source electrode) 4, a signal elec- 
trode (drain electrode) 3, a scan-fling electrode (gate electrode) 12, (cf. Fig. 4) and amorphous silicon 13. The common 
electrodes 1 and the scanning electrode 12, and the signal electrode 3 and the pixel electrode 4, respectively, are a part 
of the pattern made up by the same metal layer. A capacitor 1 6 is made by sandwiching a gate insulation film 2 with the 
pixel electrode 4 and the common electrodes 1 at an area (shown by the dotted line in Fig. 3) between two common 
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electrodes. In Fig. 3 (a), the pixel electrode 4 is disposed between two common electrodes 1 . The pitch of the pixel elec- 
trode is 69 jiim in the horizontal direction, i.e., between the signal wiring electrodes, and 207 jum in the vertical direction, 
i.e., between the scanning wiring electrodes. The width of the electrode is made large in order to avoid wiring defects 
in the wiring electrode extending over a plurality of electrodes, the scanning electrode, the signal electrode 13, or the 

5 common electrode wiring portion (the portion extending in the direction (horizontal direction in Fig. 3) parallel to the 
scanning wiring electrode). More concretely, the width of the electrode is made 10 jum. The width of the electrode is 
made a little bit narrow in order to increase the numerical aperture, the pixel electrode being formed independently for 
every pixel and the longitudinally extending portion of the signal wiring electrode of the common electrode. More con- 
cretely, the width of the electrode is made 5 |um and 8 |um, respectively. The possibility of breaking of wire becomes 

10 higher because the width of the electrode is decreased. However, the breaking of wire ends in a partial defect, and does 
not lead to a line defect. In addition, in order to increase the numerical aperture as much as possible, a portion of the 
common electrode and a portion of the signal electrode are provided one over the other, wherein an insulation film is 
inserted between those electrodes, and the width of the piled portion is 1 jum. Thereby, it is not necessary to provide 
the black matrix 22 parallel to the signal wiring. As a result, the present invention adopts the black matrix configuration 

is as shown in Fig. 3 (c), in which only the light in the direction of the scanning wiring electrode is blocked. As a result, a 
high numerical aperture of 44.0 % is obtained, the gap between the common electrode and the pixel electrode being 
20 jiim, the length of the opening in the longitudinal direction is 1 57 jum, and the number of pixels formed by 320 signal 
wiring electrodes and 160 wiring electrodes being 320 x 160. 

[0041] The resistivity of the liquid crystal is 7.6 • 1 0 12 £1 • cm, and undesirable conditions of orientation due to static 
20 electricity do not occur. An active matrix type liquid crystal display device both with a broad visual field and a large 
numerical aperture, wherein inversion of gradation does not occur over more than 60 degrees in the up and down direc- 
tions, and more than 60 degrees in the right and left directions. 

Embodiment 2 

25 

[0042] The structure of embodiment 2 is identical with that of embodiment 1 , except for the following features: 
[0043] The material used for the liquid crystal is prepared by adding 5 weight % of 4-cyano-3-fluorophenyl-trans-4- 
propylcyclohexylcarboxylate to the liquid crystal of embodiment 1 , where the weight % values indicated hereinafter are 
based on the total weight. 

30 [0044] The resistivity of the liquid crystal is 7.6 • 1 0 12 £2 • cm, and undesirable conditions of orientation due to static 
electricity do not occur. The active matrix type liquid crystal display device provides both a broad visual field and a large 
numerical aperture, wherein inversion of gradation does not occur over more than 60 degrees in the up and down direc- 
tions, and more than 60 degrees in the right and left directions. 

35 Embodiment 3 

[0045] The structure of embodiment 3 is identical with that of embodiment 1 except for the following features: 
[0046] The material used for the liquid crystal is prepared by adding 7 weight % of 3,4-dicyanophenyl-trans-4-pen- 
tylcyclocarboxylate to the liquid crystal composition of embodiment 1 . 
40 [0047] The resistivity of the liquid crystal is 3.3 • 1 0 1 1 £1 • cm, and undesirable conditions of orientation due to static 
electricity do not occur. As a result, the active matrix type liquid crystal display device provides both a broad visual field 
and a large numerical aperture, wherein inversion of gradation does not occur over more than 60 degrees in the up and 
down directions, and more than 60 degrees in the right and left directions. 

45 Embodiment 4 

[0048] The structure of the device of embodiment 4 is identical with that of embodiment 1 except for the following 
features: 

[0049] The material used for the liquid crystal is prepared by adding 10 weight % of 4-trifluoromethoxy-3,5-difluor- 
50 ophenyl-trans-4-pentylcyclohexylcarboxylate to a liquid crystal comprising 4-cyano-3-fluorophenyl-trans-4-ethylphenyl- 
carboxylate, 1 -[4-(3,4,5-trifluorophenyl)-cyclohexyl]-2-(4-methylcyclohexyl)-ethane, 4-cyano-3-fluorophenyl-4-(4- 
propylcyclohexyl)-phenylcarboxylate and so on as representative compounds. 

[0050] The resistivity of the liquid crystal is 2.4 • 1 0 1 0 £1 • cm, and undesirable conditions of orientation due to static 
electricity do not occur. The ratio K 2 /Ae of the elasticity constant K 2 to the dielectric anisotropy Ae is made to be 8.5 • 
55 1 0" 8 dyn. Further, the drive voltage can be established to be 5 V or less. As a result, the active matrix type liquid crystal 
display device provides both a broad visual field and a large numerical aperture, wherein inversion of gradation does 
not occur over more than 60 degrees in the up and down directions, and more than 60 degrees in the right and left direc- 
tions. 
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Embodiment 5 

[0051] The structure of embodiment 5 is identical to that of embodiment 1 except for the following features: 
[0052] The material used for the liquid crystal is prepared by adding 20 weight % of 4-cyano-3,5-difluorophenyl- 
trans-4-pentylcyclohexylcarboxylate to a liquid crystal comprising 4-cyano-3-fluorophenyl-trans-4-ethylphenylcarboxy- 
late, 1 -[4-(3,4,5-trifluorophenyl)-cyclohexyl]-2-(4-methylcyclohexyl)-ethane, 4-cyano-3-trifluoromethyl-5-fluorophenyl-4- 
(4-propylcyclohexyl)-phenylcarboxylate and so on as representative compounds. 

[0053] The resistivity of the liquid crystal is 9.3 • 1 0 9 £1 • cm, and undesirable conditions of orientation due to static 
electricity do not occur. The ratio K 2 /Ae of the elasticity constant K 2 to the dielectric anisotropy Ae is made to be 5.4 • 
1 0" 8 dyn. Further the drive voltage can be established to be 5 V or less. As a result, the active matrix type liquid crystal 
display device provides both a broad visual field and a large numerical aperture, wherein inversion of gradation does 
not occur over more than 60 degrees in the up and down directions, and more than 60 degrees in the right and left direc- 
tions. 

Embodiment 6 

[0054] The structure of embodiment 6 is identical with that of embodiment 1 except for the following features: 
[0055] Fig. 4 shows the configurations of thin film transistors 14 and all kinds of electrodes in more detail; it shows 
a front view seen from the direction perpendicular to the surface of the substrate of Fig. 4 and sectional side elevations 
each taken along the lines A-A' and B-B', respectively. The thin film transistor 14 comprises a pixel electrode (source 
electrode) 4, a signal electrode (drain electrode) 3, a scanning electrode (gate electrode) 12, and amorphous silicon 13 
(cf. Fig. 3 (a)). The common electrodes 1 and the scanning electrode 12, and the signal electrode 3 and the pixel elec- 
trode 4, respectively, are a part of the pattern made up by the same metal layer. A capacitor 1 6 is made by sandwiching 
a gate insulation film 2 with the pixel electrode 4 and the common electrodes 1 at an area (shown by the dotted line in 
Fig. 3) between two common electrodes. In the front view, the pixel electrode is disposed among three common elec- 
trodes 1 . The pitch of the pixel electrode is 1 00 \xm in the horizontal direction, i.e., between the signal wiring electrodes, 
and 300 jtim in the vertical direction, i.e., between the scanning wiring electrodes. The width of the electrode is made 
large in order to avoid wiring defects in the wiring electrode extending over a plurality of electrodes, the scanning elec- 
trode 12, the signal electrode 13, or the common electrode wiring portion (the portion extending in the horizontal direc- 
tion in Fig. 3 parallel to the scanning wiring electrode). More concretely, the width of the electrodes is made 10 jum, 8 
\im and 8 |wn, respectively. The width of the pixel electrode is formed independently for every pixel, and the longitudi- 
nally extending portion of the signal wiring electrode of the common electrode is made a little bit narrow. More con- 
cretely, the width thereof is taken to be 5 |nm and 6 [im, respectively. The possibility of breaking of wire becomes higher, 
because the width of the electrode is decreased. However, the breaking of wire ends in a partial defect, and does not 
end in a line defect. In addition, the common electrode and the signal electrode are spaced by using the insulation film, 
in which the spacing is 2 |um in thickness. The black matrix configuration and a color filter are provided on the opposite 
substrate side as shown in Fig. 5. The gap between the common electrode and the pixel electrode is 20 \xrr\, and the 
length in the longitudinal direction of the opening is 1 57 jam. As a result, the number of pixels formed by 640 signal wir- 
ing electrodes and 480 wiring electrodes is 320 x 1 60. 

[0056] The nematic liquid crystal composition is sandwiched between the substrates, and includes 1 0 weight % of 
3-cyano-4-trifluoro-methoxy-5-fluorophenyl-trans-4-ethylcyclohexylcarboxylate; the dielectric anisotropy Ae is +8.9, and 
the refractive index anisotropy An is 0.08 (589 nm, 20 °C). 

[0057] The resistivity of the liquid crystal is 8.1 • 1 0 12 £1 • cm, and undesirable conditions of orientation due do static 
electricity do not occur. As a result, the active matrix type liquid crystal display device provides both a broad visual field 
and a large numerical aperture, wherein inversion of gradation does not occur over more than 60 degrees in the up and 
down directions, and more than 60 degrees in the right and left directions. 

Embodiment 7 

[0058] The structure of embodiment 7 is identical with that of embodiment 6 except for the following features: 
[0059] The material used for the liquid crystal is prepared by adding 10 weight % of 4-cyano-3,5-difluorophenyl- 
trans-4-propylcyclohexylcarboxylate to the liquid crystal of embodiment 6. 

[0060] The resistivity of the liquid crystal is 2.2 • 1 0 1 0 Q. • cm, and undesirable conditions of orientation due to static 
electricity do not occur. The ratio K 2 /Ae of the elasticity constant K 2 to the dielectric anisotropy Ae is made to be 4.6 • 
10" 5 dyn. Further, the drive voltage can be established to be 5 V or less. As a result, an active matrix type liquid crystal 
display device provides both a broad visual field and a large numerical aperture, wherein inversion of gradation does 
not occur over more than 60 degrees in the up and down directions, and more than 60 degrees in the right and left direc- 
tions. 
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Embodiment 8 

[0061] The structure of embodiment 8 is identical with that of embodiment 6 except for the following features: 
[0062] The material used for the liquid crystal is prepared by adding 20 weight % of 4-cyano-3,5-difluorophenyl- 

5 trans-4-propylcyclohexylcarboxylate to the liquid crystal composition of embodiment 6. 

[0063] The resistivity of the liquid crystal is 6.2 • 1 0 1 0 £1 • cm, and undesirable conditions of orientation due to static 
electricity do not occur. The ratio K 2 /Ae of the elasticity constant K 2 to the dielectric anisotropy Ae is made to be 2.9 • 
10" 8 dyn. Further, the drive voltage can be established to be 5 V or less. As a result, the active matrix type liquid crystal 
display device provides both a broad visual field and a large numerical aperture, wherein inversion of gradation does 

10 not occur over more than 60 degrees in the up and down directions, and more than 60 degrees in the right and left direc- 
tions. 

Embodiment 9 

15 [0064] The structure of embodiment 9 is identical with that of embodiment 6 except for the following features: 

[0065] The material used for the liquid crystal is prepared by adding 10 weight % of 3-cyano-4-trifluoromethoxy-5- 
fluorophenyl-trans-4-ethylcyclohexylcarboxylate to the liquid crystal composition of embodiment 6. 
[0066] The resistivity of the liquid crystal is 8.8 • 1 0 9 Q. • cm, and undesirable conditions of orientation due to static 
electricity do not occur. The ratio K 2 /Ae of the elasticity constant K 2 to the dielectric anisotropy Ae is made to be 2.3 • 

20 1 0" 8 dyn. Further, the drive voltage can be established to be 5 V or less. As a result, the active matrix type liquid crystal 
display device provides both a broad visual field and a large numerical aperture, wherein inversion of gradation does 
not occur over more than 60 degrees in the up and down directions, and more than 60 degrees in the right and left direc- 
tions. 

25 Embodiment 10 

[0067] The structure of embodiment 1 0 is identical with that of embodiment 1 except for the following features: 
[0068] The individual rubbing directions of the orientation films of the pair of substrates are parallel to each other, 
and form an angle of 15° (<|> LC1 = <I>lc2 = 15 ° ) witn tne direction in which the applied electric field extends. A nematic 
30 liquid crystal composition is sandwiched between these substrates, in which the dielectric constant anisotropy Ae is - 
3.3, and the refractive index anisotropy An is 0.074 (589 nm, 20 °C). The material used here for the liquid crystal is pre- 
pared by adding 4 weight % of 3-cyano-2-fluorophenyl-trans-4-pentylcyclohexylcarboxylate to the nematic liquid crystal 
composition. 

[0069] The resistivity of the liquid crystal is 8.6 • 1 0 1 1 £1 • cm, and undesirable conditions of orientation due to static 
35 electricity do not occur. As a result, the active matrix type liquid crystal display device provides both a broad visual field 
and a large numerical aperture, wherein inversion of gradation does not occur over more than 60 degrees in the up and 
down directions, and more than 60 degrees in the right and left directions. 

Embodiment 1 1 

40 

[0070] The structure of embodiment 1 1 is identical to that of embodiment 6 except for the following features: 
[0071] 1 0 weight % of 2-(trans-4-propylcyclohexyl)-1 -[trans-4-(2,3-dicyanophenyl)-cyclohexyl]-ethane are added to 
a nematic liquid crystal composite, in which the dielectric constant anisotropy Ae is -3.3 and the refractive index anisot- 
ropy An is 0.074 (589 nm, 20 °C). 
45 [0072] The resistivity of the liquid crystal is 7.2 • 1 0 10 £1 • cm, and undesirable conditions of orientation due to static 
electricity do not occur. As a result, the active matrix type liquid crystal display device provides both a broad visual field 
and a large numerical aperture, wherein inversion of gradation does not occur over more than 60 degrees in the up and 
down directions, and more than 60 degrees in the right and left directions. 

so Embodiment 12 

[0073] The structure of embodiment 12 is identical with that of embodiment 6 except for the following features: 
[0074] The individual rubbing directions of the orientation films of the two substrates are parallel to each other, and 
form an angle of 85° LC1 = § LC2 = 85° ) with the direction in which the applied electric field extends. The polarization 
55 transmission axis of one polarizer is set to (|)p 1 = 85°, and the polarization transmission axis of the other polarizer is set 
to intersect perpendicularly with the former polarization transmission axis, which means (|) P2 = -5°. With this geometrical 
configuration, a normally-closed characteristic of the display pixels can be established, that is, the display pixels are in 
a dark state at a low voltage (Vqff)' anc ' i p a bright state at a high voltage (Von)- 
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[0075] The voltage-transmittance characteristic of this active matrix type liquid crystal device is shown in Fig. 1 1. 
Vqff can be set to 2.1 V and Vqn can be set to 6.8 V. Therefore, the width of the drive voltage can be set to 4.7 V. As 
a result, the active matrix type liquid crystal display device provides both a broad visual field and a large numerical aper- 
ture, wherein inversion of gradation does not occur over more than 60 degrees in the up and down directions, and more 
5 than 60 degrees in the right and left directions. 

Embodiment 13 

[0076] The structure of embodiment 13 is identical with that of embodiment 1 1 except for the following features: 
10 [0077] The individual rubbing directions of the orientation films of the two substrates are parallel to each other, and 
form an angle of 5° (<|> LC1 = (|) LC 2 = 5° ) with the direction in which the applied electric field extends. The polarization 
transmission axis of one polarizer is set to (|) P1 = 5°, and the polarization transmission axis of the other polarizer is set 
to intersect perpendicularly with the former polarization transmission axis, which means § P2 = -85°. With this geomet- 
rical configuration, the normally-closed characteristic of the display pixels can be established, that is, the display pixels 
15 are in a dark state at a low voltage (Vqff)' anc ' ' n a bright state at a high voltage (Vqn)- 

[0078] The voltage-transmittance characteristic of this active matrix type liquid crystal device corresponds to that of 
Fig. 1 1 , in which Vqff can be set to 4.0 V and Vqn can be set to 8.8 V. Therefore, the width of the drive voltage can be 
set to 4.8 V. As a result, the active matrix type liquid crystal display device provides both a broad visual field and a large 
numerical aperture, wherein inversion of gradation does not occur over more than 60 degrees in the up and down direc- 
20 tions, and more than 60 degrees in the right and left directions. 

Embodiment 14 

[0079] The structure of embodiment 14 is identical with that of embodiment 12 except for the following features: 
25 [0080] The common electrode is made as shown in Fig. 6, in order to apply an alternating current thereto. Each 
scanning electrode 12 and each signal electrode 3 are connected to a scanning electrode drive circuit 18 and a signal 
electrode drive circuit 19, respectively. Further, the common electrode 1 is connected to a common electrode drive cir- 
cuit 20. A signal waveform comprising an information is applied to the signal electrode 3. A scanning waveform in syn- 
chronism with the signal waveform is applied to the scanning electrode 12. The information signal is transferred from 
30 the signal electrode 3 through a thin film transistor 14 to the pixel electrode 4, whereby the voltage produced between 
the pixel electrode and the common electrode 1 is applied to a portion of the liquid crystal. In the present invention, a 
voltage waveform is also applied to the common electrode 1. Therefore, a voltage in which that of the common elec- 
trode is added is applied to the portion of the liquid crystal. 

[0081] Fig. 7 shows those voltage waveforms applied to each of the wiring electrodes, where the amplitudes of the 
35 voltage waveforms in Fig. 7 are set as follows: 

V d-center = 1 4.0 V, V GH = 28.0 V, V GL = 0 V, 
V DH = 16.4 V, V DL = 11,4 V, V CH = 15.1 V, V CL = 9.1 V. 

40 

[0082] Vqn an d Vqff according to Fig. 1 1 are 2.1 V and 6.8 V, respectively. As a result, a higher contrast ratio is 
obtained, namely 150. In Fig. 11, V DP _ P V SP _ P and V GP _ P represent peak-to-peak values of the signal voltage, the 
source voltage, and the common voltage, respectively. 

[0083] In the present embodiment, the amplitude of the drive voltage waveform V DP _ p (= V DH - V DL ) is of a very 
45 low value, 4.7 V, which is supplied to the signal wiring electrode. Accordingly, a relatively cheap driver can be used, and 
it becomes possible to reduce the production cost. 

Embodiment 15 

50 [0084] The structure of embodiment 15 is identical with that of embodiment 13 except for the following features: 
[0085] In the same way as in Embodiment 14, the alternative current is applied to the common electrode, and the 
display device is driven. 

[0086] Accordingly, a relatively cheap driver can be used, and it becomes possible to reduce the production cost. 
55 Embodiment 16 

[0087] The structure of embodiment 16 is identical with that of embodiment 14 except for the following features: 
[0088] The transmission axis of the polarizer is set so as to form an angle of 1 0° with respect to the rubbing direc- 
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tion, namely, (|) P1 = 75° and (j)p 2 = -15°. Fig. 12 shows the relationship between the voltage-transmittance characteristic 
and the drive waveform obtained with the above structure. In Fig. 12, V DP _ P V S p_p and V C p_p represent peak-to-peak 
values of the signal voltage, the source voltage, and the common voltage. 

[0089] The common electrode is made as in Embodiment 9, in order to apply an alternating current thereto. Each 
5 scanning electrode 12 and each signal electrode 3 are connected to a scanning electrode drive circuit 18 and a signal 
electrode drive circuit 19, respectively. Further, the common electrode 1 is connected to a common electrode drive cir- 
cuit 20 (see Fig. 6). A signal waveform comprising an information is applied to the signal electrode 3. A scanning wave- 
form in synchronism with the signal waveform is applied to the scanning electrode 12. The information signal is 
transferred from the signal electrode 3 through a thin film transistor 14 to the pixel electrode 4, whereby the voltage pro- 
10 duced between the pixel electrode and the common electrode 1 is applied to a portion of the liquid crystal. In the 
present invention, a voltage waveform is also applied to the common electrode 1. Therefore, a voltage in which that of 
the common electrode is added is applied to the portion of the liquid crystal. 

[0090] Fig. 7 shows those voltage waveforms applied to each of the wiring electrodes, where the amplitudes of the 
voltage waveforms in Fig. 7 are set as follows: 

15 

V d-center = 1 4.0 V, V GH = 28.0 V, V GL = 0 V, 

V DH = 15.1 V, V DL = 12.9 V, V CH = 20.4 V, V CL = 4.39 V. 

20 [0091 ] As a result, the plunge voltage AV GS (+1 ), AV GS (-1 ) produced by the parasitic capacitance between the gate 
electrode and the source electrode, the voltage V s applied over the pixel electrode and the voltage V LC applied over the 
liquid crystal are shown in the following table. The unit of voltage is hereinafter taken as a volt. 



25 



DISPLAY STATES 


AV GS (+) 


AV GS (-) 


V S H 


V S L 


V LCH 


Vlcl 


Vrms 


BRIGHTNESS 


+ 1.76 


-1.64 


+11.14 


-13.46 


+9.24 


-9.07 


9.16 


DARKNESS 


+ 1.47 


-1.57 


+13.63 


-11.33 


+6.75 


-6.94 


6.85 



[0092] V ON and V OFF in Fig. 12 are 9.1 6 V and 6.85 V, respectively. As a result, a sufficiently high contrast ratio of 
1 00 is obtained. 

[0093] In the present embodiment, the amplitude of the drive voltage waveform V DP _ P (= V DH - V DL ) has a very 
35 low value of 2.2 V, which is supplied to the signal wiring electrode. 

Embodiment 17 

[0094] The structure of embodiment 1 7 is identical with that of embodiment 1 5 except for the following features: 
40 [0095] The transmission axis of the polarizer is set so as to form an angle of 1 0° with respect to the rubbing direc- 
tion, namely, <J> P1 = 15° and <j> P2 = -75°. As a result, Vqn and Vqff are 17 - 4 v and 14 - 2 v > respectively. As a result, a 
sufficiently high contrast ratio of 100 is obtained. 

[0096] In the present embodiment, the amplitude of the drive voltage waveform V DP _ P (= V DH - V DL ) has a very 
low value of 3.2 V, which is supplied to the signal wiring electrode. 

45 [0097] While in the above-described embodiments of this invention specific liquid crystal compositions and com- 
pounds are used, it will easily be understood that other liquid crystal compositions and compounds can be used. The 
structure of the pixels is also not limited to that of the above-described embodiments according to the present invention. 
[0098] Fig. 8 shows the results of experiments on the voltage hold ratio in the liquid crystal display device of the 
present invention. Fig. 9 shows the influence of the rubbing direction on the width of the driving voltage. The variation 

so of the voltage-transmittance characteristic caused by the variation of the axis direction of the polarizer is shown in Fig. 
10. 

Claims 

55 1 . Liquid crystal compounds of the general formula I, 
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wherein are: 

X 1 , X 2 and X 3 fluoro, cyano, trifluoromethyl, trifluoromethoxy, nitro or a hydrogen atom, 



R C^Q-alkyl or C^Q-alkoxy, which may be substituted, 

A a cyclohexane ring, a benzene ring, a dioxane ring, a pyrimidine ring or a bicyclo[2.2.2]-octane or 

-hexane ring, 

Z a single bond, an ester bond, an ether bond, methylene or ethylene, 

and 

n 1 or 2. 



Liquid crystal compounds of formula 1 according to claim 1 , selected from 

1 .2- dicyano-4-[trans-4-(trans-4-propylcyclohexyl)-cyclohexyl]-benzene; trans-4-propyl-(3,4-dicyanobiphenyl-4'-yl)- 
cyclohexane; 2-(trans-4-propylcyclohexyl)-1 -[trans-4-(3,4-dicyanophenyl)-cyclohexyl]-ethane; 3,4-dicyanophenyl- 
trans-4-pentylcyclohexylcarboxylate; 4-cyano-3-fluorophenyl-trans-4-propylcyclohexylcarboxylate; trans-4-heptyl- 
(3,5-difluoro-4-nitrophenyl)-cyclohexane; 2,6-difluoro-1 -cyano-4-[trans-4-(trans-4-propylcyclohexyl)-cyclohexyl]- 
benzene; trans-4-propyl-(3,4,5-trifluorobiphenyl-4'-yl)-cyclohexane; 2-(trans-4-propylcyclohexyl)-1 -[trans-4-(3,5- 
difluoro-4-nitrophenyl)-cyclohexyl]-ethane, 3,5-difluoro-4-nitrophenyl-trans-4-pentylcyclohexylcarboxylate; trans-4- 
heptyl-(3-fluoro-4-cyanophenyl)-cyclohexane; 2-fluoro-1 -nitro-4-[trans-4-(trans-4-propylcyclohexyl)-cyclohexyl]- 
benzene; trans-4-propyl-(3-fluoro-4-cyanobiphenyl-4'-yl)-cyclohexane; 2-(trans-4-propylcyclohexyl)-1-[trans-4-(3- 
fluoro-4-nitrophenyl)-cyclohexyl]-ethane; 3-fluoro-4-cyanophenyl-trans-4-pentylcyclohexylcarboxylate; trans-4- 
heptyl-(4-cyanophenyl)-cyclohexane; 4-cyanophenyl-5-pentyl-1 ,3-pyrimidine; 4-cyano-3-fluorophenyl-5-propyl- 

1 .3- pyrimidine, 4-cyanophenyl-4-pentyl-1 ,3-dioxane; 4-cyanophenyl-4-pentyl-bicyclo[2.2.2]octane. 

Liquid crystal compounds of the general formula II, 




wherein are: 

X 1 and X 2 fluoro, cyano, trifluoromethyl, trifluoromethoxy, nitro or a hydrogen atom, 



R C^o-alkyl or C 1 _ 1 0 -alkoxy, which may be substituted, 

A a cyclohexane ring, a benzene ring, a dioxane ring, a pyrimidine ring or a bicyclo[2.2.2]-octane or - 

hexane ring, 

Z a single bond, an ester bond, an ether bond, methylene or ethylene, 

and 

n 1 or 2. 



Liquid crystal compounds of formula II according to claim 3, selected from 

trans-4-heptyl-(2-cyano-3-fluorophenyl)-cyclohexane; 2-cyano-3-fluoro-4-[trans-4-(trans-4-propylcyclohexyl)- 
cyclohexyl]-benzene; trans-4-propyl-(2-cyano-3-fluorobiphenyl-4'-yl)-cyclohexane; 2-(trans-4-propylcyclohexyl)-1- 
[trans-4-(2-cyano-3-fluorophenyl)-cyclohexyl]-ethane; 2-cyano-3-fluorophenyl-trans-4-pentylcyclohexylcarboxy- 
late; trans-4-heptyl-(2-fluoro-3-nitrophenyl)-cyclohexane; 2-fluoro-3-cyano-4-[trans-4-(trans-4-propylcyclohexyl)- 
cyclohexyl]-benzene; trans-4-propyl-(2-fluoro-3-nitrobiphenyl-4'-yl)-cyclohexane, 2-(trans-4-propylcyclohexyl)-1- 
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[trans-4-(2-fluoro-3-nitrophenyl)-cyclohexyl]-ethane; 2-fluoro-3-cyanophenyl-trans-4-pentylcyclohexylcarboxylate; 
2,3-dicyanophenyl-5-pentyl-1 ,3-pyrimidine, 2-cyano-3-fluorophenyl-5-propyl-1 ,3-pyrimidine; 2,3-dicyanophenyl-4- 
pentyl-1,3-dioxane; 2-cyano-3-fluorophenyl-4-pentyl-bicyclo[2.2.2]octane. 

5 5. Liquid crystal compositions, comprising one or more liquid crystal compounds of formula I according to claim 1 or 
2 and/or one or more liquid crystal compounds of formula II according to claim 3 or 4. 

6. Use of the liquid crystal compounds of the general formulae I and II according to claims 1 to 4 or use of the liquid 
crystal compositions according to claim 5 for manufacturing or in liquid crystal display devices, particularly of the 

10 active matrix type, and preferably of the horizontal electric field type. 

7. Active matrix type liquid crystal display device, comprising a liquid crystal compound of formula I according to claim 
1 or 2 and/or a liquid crystal compound of formula II according to claim 3 or 4, or a liquid crystal composition accord- 
ing to claim 5. 

15 

8. Active matrix type liquid crystal display device (21 ) according to claim 7, comprising a pair of substrates (7), at least 
one of which is transparent, a liquid crystal layer (6') inserted between the substrates (7), an orientation film (5) pro- 
vided between the liquid crystal layer (6') and at least one substrate (7) on the inner side thereof, a scanning signal 
electrode (3), an image signal electrode, a pixel electrode (4) and an active device (14), and polarization means (8) 

20 provided on the outer side of the substrates (7) for changing an optical characteristic according to the orientation 

state of the liquid crystal; each of said electrodes being constructed so as to apply an electric field, mainly parallel 
to the substrates (7), against the liquid crystal layer (6'), and being connected to external control means (1 7, 1 8, 1 9, 
20) for optionally controlling the applied electric field according to the display pattern, 

wherein the electrode lies between at least two dielectric layers disposed above and below the electrode, and 
25 wherein the resistivity p of the liquid crystal is equal to or lower than 1 • 1 0 14 Q. • cm and preferably higher than or 

equal to 1 • 1 0 9 CI • cm and lower than or equal to 1 • 1 0 13 Q, • cm. 

9. Active matrix type liquid crystal display device (21) according to claim 8, wherein the ratio l/d of the gap I between 
the electrodes to the cell gap d is greater than or equal to 2.0, and the relation between the elasticity constant K 2 

30 and the dielectric anisotropy 8e satisfies the following equation (1 ): 

K 2 /Ae < 9.0 • 10" 8 [dyn] (1). 

10. Active matrix type liquid crystal display device according to claim 9, wherein the gap d between the substrates fac- 
35 ing each other is less than or equal to 6 mm, the gap 1 between the electrodes is more than or equal to 10 mm, 

and the drive voltage is lower than or equal to 5 V. 

11. Active matrix type liquid crystal display device according to one or more of claims 8 to 10, wherein, when the die- 
lectric anisotropy of the liquid crystal is positive, the rubbing angle of the orientation film is set to be more than or 

40 equal to 1 degree and less than or equal to 20 degrees relative to the vertical direction of the electric field, and when 

the dielectric anisotropy of the liquid crystal is negative, the rubbing angle is set to be more than or equal to 1 
degree and less than or equal to 1 0 degrees relative to the direction of the electric field. 

12. Active matrix type liquid crystal display device according to one or more of claims 8 to 11, wherein the common 
45 electrode (1) is composed of a part of the display pixels, and the device is designed for an alternating current to be 

applied to the common electrode (1). 

13. Active matrix type liquid crystal display device according to one or more of claims 8 to 12, wherein the transmission 
axis of the polarization means (8) is set to deviate 1 degree or more than 1 degree from the initial orientation direc- 

50 tion of the liquid crystal to the rotation direction of the axis (10) of the liquid crystal molecules due to an applied 

electric field (9). 
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FIG. 1(a) 



FIG. Kb) 
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FIG. 6 
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